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Societies are becoming increasingly urban and isolated from natural areas. Protecting 
certain natural areas is vital for building and maintaining resilience in ecological systems for 
the continued conservation of biodiversity and provision of ecological services. The 
International Union for the Conservation of Nature and Natural Resources (IUCN) promotes 
the development of systems of protected areas within nations and regions as a sustainable 
means of preserving the biodiversity within natural areas. Allowing sustainable ecotourism 
and wildlife-based recreation activities in protected areas can provide economic incentives to 
surrounding communities making protection an attractive alternative to more extractive 
forms of land use. Managing the types of allowable activities and monitoring visitation rates 
provide managers with vital information regarding the impacts of human interaction with 
natural systems in protected areas. Texas supports a system of wildlife management areas 
(WMAs) throughout the state in an attempt to represent each ecoregion and provide essential 
conservation and recreation needs to the residents of Texas. By analyzing possible influential 
factors on visitation rates such as size of each area and allowable activities within each 
WMA, and other influential factors of these protected areas, it should be possible to 
determine if this type of management scheme is effectively meeting the goals and objectives 
of protected areas in the state of Texas while effectively providing for the demands of the 
Texas public. Through resource management initiatives and cooperation with national 
agencies, WMAs serve as an effective management tool for natural resource protection and 
conservation for the state of Texas.  
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Chapter 1: Introduction 
    1.1: Research Problem 
 As societies become more dependent on the resources provided by natural 
systems, the conservation of biological diversity and ecosystem services is essential to 
maintain resilience in these systems and provide a sustainable flow of ecosystem goods 
and services to societies (Bengtsson et al., 2003). As modern urban growth becomes 
increasingly dominated by unbounded, low-density development at the fringes of cities, 
the demand for accessible open space is likely to increase. Further, as open space 
decreases in urban areas, the value of open space and the efforts to preserve these values 
will become a high priority for governments and natural resource managers. 
Acknowledging that human interaction with nature is inevitable, conservation of 
biodiversity and ecosystem services is a concern of all forms of land use. The long-term 
goal of protected areas should be to foster resilient landscapes of high biodiversity that 
can reorganize after disturbance in the face of human interactions (Bengtsson, et al., 
2003).  Ecotourism activities associated with protected areas have the potential to offer 
viable economic incentives to local communities to preserve natural areas while 
minimizing the negative human impacts on wildlife habitat further enhancing resilience.  
 Humans live and operate in social systems that are directly linked to the 
surrounding ecological systems. All societies depend on natural systems to some extent 
for continued existence. Resilience refers to the capacity of a system to absorb shock 
from a disturbance and essentially maintain the same function, structure, and feedbacks. 
A social-ecological system that is “resilient” has the ability to absorb disturbance and 
change without crossing a threshold and shifting into a different system regime while 
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continuing to provide societies with goods and services that maintain the quality of life in 
societies (Walker and Salt, 2006). 
 Governments and environmental managers have long recognized the importance 
of preserving certain natural areas. Protection of these areas is essential since they often 
provide vital goods and services or possess rare geological or biological features. In 
1992, 177 signatory nations adopted the Convention on Biological Diversity committing 
to the promotion of sustainable development to ensure “food security, medicines, fresh 
air and water, shelter, and a clean and healthy environment in which to live” (UNEP, 
2006). One of the most important methods for protecting species biodiversity and 
promoting sustainable development in such areas is the establishment and management of 
legally protected areas (Lucas, 1992). Article 8 of the Convention calls on signatory 
nations to establish and manage a system of protected areas in order to support 
biodiversity and natural resource conservation, sustainable use, and equitable sharing of 
the benefits derived from such areas (Prato and Fagre, 2005). A system of protected areas 
is an essential element for any program that aims to maintain the diversity of ecosystems, 
species, and genetic resources while protecting significant natural areas for their intrinsic, 
inspirational, and recreational values (Lucas, 1992). The conservation of biodiversity in 
natural systems requires an understanding of the processes required to allow species to 
persist in natural and human-impacted ecosystems (Bengtsson, et al., 2003). The 
International Union for the Conservation of Nature and Natural Resources (IUCN) 
defines the concept of conservation as the “management of human use of the biosphere so 
that it may yield the greatest sustainable benefit to present generations, while maintaining 
its potential to meet the needs and aspirations of future generations” (Lucas, 1992). 
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Recognizing that human interaction with the natural environment is inevitable, this 
concept of conservation recognizes that interaction and use of natural resources should 
occur in the most sustainable fashion.    
     1.2: Research Question 
The state of Texas presents a unique case for wildlife and natural resource 
managers. It is a large and ecologically diverse state with more than 94 percent of the 
land residing in private hands (Schmidly et al., 2001). The population is predominantly 
urban with roughly 80 percent of residents living in urban areas half of which live in the 
major population centers of Dallas, Fort Worth, Houston, and San Antonio (TPWD, 
2004). Because of the state’s unique situation, the Texas Parks and Wildlife Department 
(TPWD) recognizes the importance of establishing and maintaining systems of protected 
areas to meet the goals of providing for effective wildlife conservation while meeting the 
demands of the increasingly urban population for outdoor recreational opportunities.   
The wildlife management areas (WMAs) of Texas balance conservation and 
recreational activities in a state that is becoming increasingly urbanized. Regardless of 
these efforts, the public remains ill-informed about the location, allowable activities, and 
management structures of these areas. It is necessary to evaluate and determine if these 
areas are effective at meeting the goals of the TPWD to provide for conservation of the 
state’s natural resources while offering accessible recreational opportunities to the 
increasingly urban Texas residents. Distinguishing between the various ecoregions of 
Texas allows for recognition of the high degree of ecological diversity present in the 
state. Through use of an ecoregion framework, it is possible to determine if each 
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ecosystem is equally represented and protected by wildlife management area status, a 
further goal of the TPWD.   
As a system of protected areas, the wildlife management areas (WMAs) of Texas 
should simultaneously meet several goals at the local, regional, state, national, and 
international levels. Systems of protected areas initially gained popularity at the United 
Nations Convention on Biological Diversity (CBD) held in Rio de Janeiro in 1992. As a 
system of protected areas, it is essential to determine if these stated goals are consistent 
with the international goals established by the Convention and the International Union for 
the Conservation of Nature and Natural Resources (IUCN). Also, visitation rates rely on 
the support of the Texas public who actually visit the areas. A public opinion survey 
conducted by Texas Tech University revealed several desires of the Texas public in terms 
of wildlife protection and outdoor recreation. Visitation rates and associated data from 
recreational activities in these areas have the potential to provide managers with essential 
information to ensure the recreational demands of the residents of Texas are met while 
simultaneously fulfilling the conservation goals of the Texas Parks and Wildlife 
Department. Visitation rates can reflect a certain level of economic success; however, 
using visitation rates as an indicator of success raises the issue of what level of visitation 
is desirable in a particular area. For example, the presence of endangered species in an 
area can serve as an indication of how much protection and visitor management is 
necessary for a particular area.  
    1.3: Hypothesis 
 The hypothesis of this thesis is that various factors have an influence on the 
visitation rates at wildlife management areas in Texas. These factors include size of 
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individual areas, number of endangered species identified in the area, types of activities 
allowed in each area, and the population of the surrounding ecoregion. In terms of size of 
the area, the larger parks should attract more visitors. The wildlife management areas 
located in the ecoregions with larger populations should also attract more visitors. 
Visitors should be attracted to the wildlife management areas that offer nonconsumptive 
activities demanded by the public. As a desired goal of the TPWD, WMAs should be 
equally representative of each ecoregion found throughout the state. An ecoregion 
evaluation should reveal that those areas located within ecoregions with higher 
populations attract more visitors. High visitation rates are not always desirable, especially 
in regions with high numbers of endangered species. These ecoregions should reflect 














Chapter 2: Review of Literature 
    2.1: Protected Areas 
The development of international environmental policy over the last twenty-five 
years has led to consensus among nations that protected areas are an essential tool for the 
protection and maintenance of biodiversity. Along with this recognition, a debate over the 
relative weight of social and economic objectives versus the biodiversity goals of an area 
emerged. At the 1982 World Parks Congress held in Bali, the campaign for protected 
areas began calling on nations to strive to protect 10 percent of total land area. The 1992 
United Nations Conference on Environment and Development, more commonly known 
as the Rio Summit, brought nations together to discuss the meaning and importance of 
biodiversity and encourage conservation programs in an international setting. Parties to 
the Convention pledged to establish and maintain systems of protected areas in order to 
maintain biodiversity. At the Seventh Meeting of the Conference of the Parties (COP-7) 
to the Convention on Biodiversity held in Kuala Lumpur, Malaysia in 2004, the parties 
agreed to establish and maintain “comprehensive, effectively managed, and ecologically 
representative systems of protected areas” in order to ultimately reduce the rate of global 
biodiversity loss (Naughton-Treves et al., 2005). These high profile events and 
international conventions helped put into motion the expansion of protected areas 
worldwide (Naughton-Treves et al., 2005). 
The International Union for the Conservation of Nature and Natural Resources 
(IUCN) advocates establishing systems of protected areas within nations for their ability 
to serve as an important management tool to ensure maintenance of resilience and 
biodiversity within natural systems. The IUCN began in 1948 as the result of an 
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international conference and is often cited as the world’s largest and most important 
conservation network. It is an international organization that includes scientists and 
experts from 83 member States, 110 governing agencies, and more than 800 non-
governmental organizations (NGOs) in order to fulfill its mission to “influence, 
encourage, and assist societies throughout the world to conserve the integrity and 
diversity of nature and to ensure that any use of natural resources is equitable and 
ecologically sustainable” (Sheppard, 2006). Several definitions of protected areas exist 
relevant to the objectives and values for which they are managed (Phillips, 1998). 
According to the IUCN, a protected area is an “area of land and/or sea especially 
dedicated to the protection and maintenance of biological diversity and of natural and 
associated cultural resources and managed through legal or effective means” (Prato and 
Fagre, 2005). McNeely et al. (1990) define a protected area more broadly as “any area of 
land that has legal measures limiting human use of the plants and animals within that 
area; includes national parks, game reserves, protected landscapes, multiple-use areas, 
biosphere reserves, etc.” (McNeely, 1990).  
            2.1.1: Role of Protected Areas 
Protected areas play an important role in achieving conservation goals while 
supporting local, national, and international biodiversity policies (Phillips, 1998). There 
are currently more than 100,000 protected areas worldwide encompassing 17.1 million 
km². This total area represents 11.5 percent of the planet’s land area. Of this total amount 
of protected lands, 84.5 percent are open to some form of human interaction or use 
(Naughton-Treves, et al., 2005). Systems of protected areas are an essential element in a 
nation’s attempt to conserve and enhance their biodiversity while promoting sustainable 
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development and human well-being (Sheppard, 2006). These areas have the potential to 
serve various functions including wilderness protection, maintenance of environmental 
services, tourism and recreation, protection of specific natural and cultural resources, and 
encouraging sustainable use of biological resources (Phillips, 1998).  An area is typically 
selected and established with the intention to protect and preserve specific species and 
habitats while maintaining and restoring the existing diversity and recreational and 
ecological values of the area (Bengtsson, et al., 2003).  Although promoting tourism for 
the economy of local areas plays an important role in most protected areas and offers 
incentives to local communities for protection, it should not be the primary role of 
establishment. The primary role should be the conservation of species diversity with a 
provision to protect the natural resource base in order to allow scientists, educators, 
visitors, and residents to meet the various needs of the area (Phillips, 1998). Protected 
areas are especially important in rural areas with limited economic opportunity and 
contribute to the natural and cultural conservation of the area as well as to the physical, 
social, and spiritual well-being of local residents and visitors (Lucas, 1992).  
Governments and managers develop policies with the intention of creating desired 
outcomes or achieving desired goals. Protected areas are generally created in order to 
produce certain societal benefits. These goals and derived benefits often differ from the 
goals of other levels of society. Eagles and McCool (2002) identify three levels at which 
the benefits of protected areas accrue. First, benefits accrue to society at large when they 
are desirable to national or regional levels of society and government. These societal 
benefits include employment opportunities, direct revenue, educational opportunities, 
recreation opportunities, and ecological services provided by protected areas. Those 
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directly involved in the management of the areas have a different view of management 
for protected areas and seek a more targeted set of social benefits. These benefits deal 
more with long-term sustainable economic activity and resource extraction. Finally, 
individual visitors to protected areas seek out parks for the derived personal benefits 
through direct use of the areas provide the basis for park tourism and ultimately the 
societal justification for the existence of the areas (Eagles and McCool, 2002). Table 1 



















Table 1: Goals and Derived Benefits of Tourism within Protected Areas 
• Societal Benefits 
             1. redistribute income and wealth 
             2. increase opportunities for employment 
             3. gain foreign currency 
             4. assist community development 
             5. promote the conservation of natural and cultural heritage 
             6. sustain and commemorate cultural integrity 
             7. provide education opportunities to members of society 
             8. promote health benefits  
             9. expand global understanding, awareness, and appreciation  
• Park Management Benefits 
             1. promote conservation 
             2. develop heritage appreciation  
             3. generate revenues 
             4. learn from others 
             5. create employment and income 
             6. develop long-term sustainable economic activity 
             7. make a profit 
             8. manage resource extraction 
             9. foster research 
            10. create a positive experience  
• Individual Visitor Benefits 
             1. promote conservation and preservation 
             2. gain health benefits 
             3. enhance personal experiences 
             4. participate in a social experience 
             5. achieve family bonding 
             6. achieve group team building               
             7. spend quality time with peers 
             8. provide the opportunity for courtship rituals 
             9. achieve time and cost efficiency  
            10. feel personal accomplishment  
            11. explore history  
            12. reaffirm cultural values  
Source: Eagles and McCool, 2002 
The presence of an initial threat to the area is generally required before protection 
occurs. The IUCN cited inadequate management of resources and human encroachment 
as the most common threats to protected areas in the developed nations. As populations 
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expand and increasing land and development pressures threaten protected areas, it is 
increasingly necessary for management policies to benefit both the natural resources and 
biodiversity of the protected area and nearby communities (Dixon and Sherman, 1990). 
Recognizing that human interaction with natural systems is dependent on development 
regimes that are sustainable and resilient in their use of renewable resources, public 
interest and support for creating protected areas in close proximity to places where people 
live and work is increasing. Since initial development of protected areas must come from 
the areas of concern, local communities obviously recognize the benefits of maintaining 
the natural integrity of these areas and their connection to them (Lucas, 1992). Policies 
could require changing current behavior and use patterns of residents and visitors to 
prevent uses that endanger the natural resources and services of the protected area while 
putting the least burden on local residents (Dixon and Sherman, 1990).  
            2.1.2: Protected Areas and Local Communities 
The economic and political support of local residents and surrounding 
communities is essential to ensure the creation and maintenance of protected areas. These 
communities provide many of the goods and services to those visiting the areas and can, 
depending on the integration into the management plans, assist in the protection of the 
natural resource base. Surrounding communities typically are heavily dependent on the 
park or protected area for their economic base and many residents may use the park for 
recreational activities (Eagles and McCool, 2002). Local communities have a vested 
interest in maintaining the quality of life for residents, providing economic opportunities, 
and protecting the important values and resources found within the community (Eagles 
and McCool, 2002). The creation and management of a protected area is a political action 
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and requires sufficient public and private interest and support from local communities 
and stakeholders in order for a government to undertake the necessary legal and political 
actions required for area creation (Phillips, 1998). Community involvement with the 
creation, protection, and maintenance of protected areas provide residents the opportunity 
to foster economic and political ties with the area (Eagles and McCool, 2002).  
 Wildlife managers recognize a widespread and growing demand for 
nonconsumptive wildlife uses and acknowledge the needs for providing these programs 
to a changing constituency (Hay and McConnell, 1979). Since protected areas offer 
opportunities for recreation and tourism to increasingly urban populations, while 
contributing to the conservation and protection of an area’s natural resources, they 
deserve to be considered in economic terms through contributions to surrounding 
communities. Research indicates that these areas have the potential to provide significant 
economic contributions to local communities, often drawing revenue to otherwise 
peripheral economies (Phillips, 1998). Various activities directly and indirectly 
associated with open space and protected areas generate expenditures and revenue for 
surrounding businesses and local governments (Fausold and Lilieholm, 1999). 
Regardless, protected areas are increasingly scrutinized in terms of economic 
performance and government agencies are often called upon to identify and defend the 
financial contributions of these areas in order to justify their existence in the face of 
competing, often extractive, land uses. There are immediate costs associated with 
protection that often appear sizeable compared to the benefits and values of the area 
(Walpole, et al., 2001). Maintaining resilience in a natural system often comes with costs, 
typically in the form of lost short-term opportunity gains from the protection of 
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productive areas (Walker and Salt, 2006). Managing resilience in protected areas requires 
assessment of the short-term profit losses associated with maintaining resilience in the 
area through protection, against the long-term benefits of not allowing other land-uses in 
the area (Walker and Salt, 2006).    
            2.1.3: Values and Benefits of Protected Areas 
 Although the costs of protection are easy to determine, the benefits are not readily 
recognized and typically appear indistinct by comparison. A valuation process to 
determine monetary estimates of the various benefits is essential to make protected areas 
attractive to local communities (Dixon and Sherman, 1990). According to the World 
Commission on Protected Areas (WCPA) of the IUCN, the concept of total economic 
value (TEV) offers a useful and well-established framework for identifying a wide range 
of values associated with protected areas. This method captures a variety of values 
measuring both the market and non-market values people hold for these areas including 
use values and non-use values. Use values include direct use values, indirect use values, 
and option values. Direct use values are those derived from direct uses of the area such as 
recreation, tourism, or education and research activities. Indirect uses of a protected area 
are comprised of the ecological services maintained through conservation including 
watershed protection, climatic stabilization, and carbon sequestration (Phillips, 1998). 
Protected areas also provide for the sustainable production of natural resources such as 
timber and wildlife (Dixon and Sherman, 1990). People derive option value from simply 
knowing they have the option to visit and enjoy the area because it is protected. Nonuse 
values of an area accrue to both visitors and non visitors and are in no way linked to use 
of the protected area (Phillips, 1998).  
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Three types of nonuse values include existence values, bequest values, and 
enhancement values. The existence value of an area is the value people gain from simply 
knowing an area exists in a protected state. Bequest values relate to the benefit of 
knowing that others benefit from the area and it is available for future generations. A 
person does not have to visit an area in order to derive an existence or bequest value from 
the area (Eagles and McCool, 2002). Protected areas also have the potential to produce 
enhancement value when the existence of open space affects the value of adjacent and 
surrounding property offering an additional incentive for protection. Enhancement values 
play an especially significant role around urban areas where open space is scarce and the 
perceived risk of development is high (Gallant et al., 2004). Even though these nonuse 
vales are not included in the economic value of the protected areas, they often serve as 
the motivating factors for protection. When the terrain, climate, or substrate in an area is 
deemed too rugged for agriculture, forestry, or livestock, the area is often protected on 
the basis of aesthetic or scenic value (Gallant et al., 2004).  
   2.2: Ecotourism 
 
  The demand for travel and tourism is increasing as the world’s population grows 
and, in most cases, incomes rise (Isaacs, 2000). Ecotourism is often cited as the fastest 
growing sector of tourism (Eagles and McCool, 2002; Dixon and Sherman, 1990) and has 
high potential for increasing visitation to protected areas (Eagles and McCool, 2002). 
Ecotourism and related wildlife-based recreational activities are some of the few 
permitted activities in protected areas which generate significant financial benefits. This 
has allowed ecotourism and wildlife-based recreation activities to emerge as a potential 
solution to the dilemmas facing managers of these areas (Walpole, et al., 2001). Human 
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interactions with parks and protected areas are viewed as being inherently negative since 
human entry has the potential to cause changes that would not occur in their absence. 
However, without human interaction with the environment, protected areas would not be 
created in the first place and ongoing human activity and interaction ensures management 
of the areas in order to maintain resilience (Phillips, 1998). Further, the derived monetary 
benefits from ecotourism and recreation operations are dependent on the direct human 
use of the protected areas (Dixon and Sherman, 1990).  
            2.2.1: Defining Ecotourism 
A wide range of definitions exists for the concepts of ecotourism and nature-based 
tourism. The International Ecotourism Society is an advocacy organization that focuses 
on the promotion and development of responsible travel to natural areas and defines 
ecotourism as “responsible travel to natural areas that conserves the environment and 
sustains the well-being of local people” (Mathis and Matisoff, 2004). Ecotourism if often 
seen as a way for surrounding communities and permanent residents of an area to 
improve economic opportunities by generating jobs, offering steady sources of income, 
diversifying economies, and enhancing standards of living through the process (Wall, 
1997). Ecotourism relies on an idea that combines environmental responsibility with the 
generation of local economic benefits having both developmental impacts and 
conservation incentives (Wunder, 2000). It is often advocated as a viable economic 
activity that can reduce negative human impacts in natural areas and provide an incentive 
to protect them in a natural state (Isaacs, 2000). In this light, ecotourism is defined as 
tourism that provides direct conservation benefits to the ecosystems and economic 
benefits to the local residents (Wunder, 2000).  
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In the United States, protected areas are often established because of the 
recreational value or spectacular scenery of the area in order to attract tourists and 
associated revenues (Pressey, 1994). Tourism has the potential to serve as a means to 
encourage economic diversification in an area in order to reduce the reliance on a 
singular, typically resource-extractive, form of land use (Eagles and McCool, 2002).  
Unless the primary objective of a protected area is strict protection of the natural 
conditions or research, some level of tourism and recreation use is typically permitted 
(Dixon and Sherman, 1990). Tourism industries also provide economic incentives for the 
protection of an area’s biodiversity and natural resources (Eagles and McCool, 2002) 
with the ability to generate tangible benefits from protected areas to offset the costs of 
protection without accruing the environmental costs associated with extractive industries 
such as mining, agriculture, and logging (Walpole, et al., 2001). Income from ecotourism 
operations can produce incentives for conservation of natural areas by supporting tourism 
as an alternative to degrading activities and environmental threats from external agents 
(Wunder, 2000). New service-based employment opportunities often emerge in 
surrounding communities through the establishment of ecotourism operations in a 
protected area (Eagles and McCool, 2002). Tourism must be carefully managed to 
maintain the derived benefits while avoiding the overuse of the natural resources and 
negative impacts on the cultural and social values of the area (Lucas, 1992). Ideally, 
ecotourism provides opportunities to generate tangible economic benefits from protected 
areas offsetting some of the costs of protection while avoiding the environmental costs 
associated with more extractive uses. Ecotourism establishes a link between the protected 
areas and local communities by “providing revenue to the local community sufficient for 
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local people to value, and therefore protect, their wildlife heritage as a source of income” 
(Walpole, et al., 2001).  
2.2.2: Managing Ecotourism Activities 
Management of ecotourism activities within protected areas involves allowing 
only the types of activities deemed appropriate for the area and restricting inappropriate 
activities. Dixon and Sherman (1990) identify four criteria for determining the type of 
activities that should be allowable in a protected area. The first type are those uses 
consistent with the objectives of the protected area and do not require restriction in the 
foreseeable future. These activities are allowed without restriction since they do not pose 
an immediate threat. The second types are uses that do not currently require restriction 
but may become a threat in the future. Third are those uses that might be allowed in 
restricted amounts but whose cumulative level is damaging some resource in the area. 
Several uses of an area are permissible at limited levels but can become harmful beyond a 
certain point. The fourth types of activities are those uses that are inconsistent with the 
objectives of the protected area. A total ban is placed on these types of uses since those 
pose an immediate threat to the area. The benefits derived from the recreational use in a 
protected area directly depend on human use of the area (Dixon and Sherman, 1990). 
Managing the type of allowable activities in an area is important for maintaining 
resilience in the natural systems, social systems, and economic systems influenced by 
protected areas.  
When evaluating the effectiveness of recreational opportunities among protected 
areas, it is necessary to distinguish between consumptive activities and nonconsumptive 
activities. Tremblay (2001) identifies consumptive activities as those that involve the 
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“morality of either killing, controlling, or commercially exploiting wildlife in general.” 
This type of wildlife-based recreation implies a direct interaction with an animal or the 
habitat, often in the form of controlled killing and/or taking (Tremblay, 2001). These 
activities can be managed in a sustainable manner if catch is controlled and protection 
supports wildlife conservation (Tisdell, 2003). Nonconsumptive activities involve 
“human recreational engagement with wildlife wherein the focal organism is not 
purposefully removed or permanently affected by the engagement” (Tremblay, 2001). 
Nonconsumptive activities, especially birding and wildlife watching, are becoming 
increasingly important to wildlife managers. For natural resource policy in general, the 
presence of nonconsumptive wildlife uses indicate that natural environments have 
substantial economic value simply through the provision of habitat for birds and other 
fauna that would otherwise be grossly underestimated (Hay and McConnell, 1979).  
2.2.3: Visitation Rates 
Measurement and evaluation of the effectiveness of protected areas is a difficult 
task since there is often insufficient data on ecological and social conditions within and 
around the area over time. The task of evaluating these areas is fraught with political 
barriers given the diversity of protected area agendas and lack of a unified form of 
measurement (Naughton-Treves et al., 2005). Parks and protected areas attract significant 
public interest which can lead to a steady stream of annual visitors investing money, time, 
and effort to personally experience these unique areas (Hornback and Eagles, 1999). A 
greater appreciation for protected areas develop over time as visitation rates increase 
allowing more people to develop an appreciation for the areas (Eagles and McCool, 
2002). Managers of protected areas invest staff time and funds into assisting and 
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supporting human use of the area through planning and development (Hornback and 
Eagles, 1999). Visitation data can be used as an indicator of success through the 
measurement of public use volumes. This information is valuable to managers, local 
businesses, local communities, and government officials, and the more accurate the 
visitation information, the better the potential for good management of these areas.  
Visitation data can be further used to determine economic indicators including tourism 
generated sales and revenues, number of jobs created, and tax revenues generated by 
tourism activities. It can also help evaluate the true value of protected area resources in 
common economic terms comparable with other competing land uses including 
agricultural, mining, or logging activities (Hornback and Eagles, 1999).  
Estimates of tourism and recreation activities provide useful information about 
direct use values of protected areas and serve as a base for the valuation of benefits 
(Dixon and Sherman, 1990). Visitation rates and the associated economic data can 
provide useful information to people who might otherwise be unaware of the benefits 
associated with parks or protected areas in a community (Hornback and Eagles, 1999). 
Protection relies on a societal attitude that recognizes the value and possible benefits 
offered by protected areas (Eagles and McCool, 2002). Visitor volume data further leads 
to increased awareness of general visitor behavior resulting in better planning for 
preventative measures to avoid conflict and build resilience in a protected area (Hornback 
and Eagles, 1999). Visitation information also serves as an indicator of natural resource 
protection. Knowledge of public use activity is an essential evaluation tool to manage 
human interaction with natural systems, especially areas of heightened importance such 
as threatened or endangered species habitat (Hornback and Eagles, 1999). Managing a 
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visitor’s experience is important since visitors have the potential to become advocates for 
the development of future protected areas, depending on their experience (Hornback and 
Eagles, 1999). Visitor appreciation of protected areas leads to increased political pressure 
for the creation of more areas and opportunities for visitation (Eagles and McCool, 2002).  






































Chapter 3: Texas 
 
    3.1: Ecological Description 
 
Texas has a large land area covering approximately 261,914 square miles. The 
ecosystems and wildlife habitats of Texas reflect a wide range of diversity and include 
deserts, bayous, forests, grasslands, mountains, and canyons (TPWD, 2002). It is often 
described as an ecological crossroads where many of the nation’s natural regions 
converge including the coastal prairies, the Mexican sub-tropics, the southeastern 
pinewoods, the central hardwoods, the Great Plains, and the southwestern desert (Susman 
et al., 2006). Texas has ten climatic regions, fourteen soil regions, and ten distinct 
ecoregions reflecting variations in soils, topography, geology, rainfall, and plant and 
animal habitat and communities found throughout the state (Susman et al., 2006). These 
varied ecosystems combined with the great size of Texas allow it to support the greatest 
diversity of animal and plant life of any other state in the nation (Schmidly, et al., 2001). 
The NatureServe’s 2002 States of the Union: Ranking America’s Diversity study 
surveyed over 21,000 species found in the United States to provide information on 
patterns of biological wealth and risk of each state. The study ranked Texas second 
nationwide for the level of biodiversity represented within the state. Nationwide, Texas 
has the highest number of bird species and reptile species and the second highest number 
of plant and mammal species (Mathis and Matisoff, 2004). Over 620 identified bird 
species breed, migrate, winter, or nest in Texas throughout the year (Susman et al., 2006). 
Biologists have identified 5,500 species of plants in Texas and 1,100 vertebrate species, 
of which 126 do not appear anywhere else in the world (Susman et al., 2006). Because of 
this high degree of ecological diversity and complexity, Texas is internationally known as 
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one of the premier ecotourism destinations in North America (Mathis and Matisoff, 
2004). 
Texas is a unique state due to its great size and relative lack of public lands. To 
finance a government during its brief stint as a republic, Texas sold most of its public 
lands to private landowners (Schmidly et al., 2001). Most of the state’s 266,807 square 
miles were already under private ownership by the turn of the twentieth century (TPWD, 
2005). Gradually over the past 100 years, the population has become predominantly 
urban and most of the rural lands surrounding metropolitan areas have undergone 
conversion to residential or other uses (TPWD, 2005). As a result, the state owns a 
relatively small amount of land in proportion to its population. More than 94 percent of 
the state’s land is in private hands putting the future of many fragile ecosystems, plants, 
and animals at the discretion of private landowners. In their traditional role as land 
stewards, landowners play a crucial role in following conservation practices in Texas 
(Schmidly et al., 2001).  
 Wildlife professionals cite habitat loss from land development, conversion of 
habitats to monocultures, and the fragmentation of land tracts due to the division of larger 
ranches and farms as the greatest threats to species habitat and biodiversity in Texas. 
Land fragmentation presents an increasing threat since many rural land owners are over 
55 years of age and face increased taxes on rising land values making the benefits of 
development more attractive (Fausold and Lilieholm, 1999). Family farms and ranches 
are being bought out by competing land uses and development interests causing a loss of 
traditional caretakers of the land (Schmidly, 2001).  Many traditional land uses including 
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forestry, farming, and ranching have become uneconomical or infeasible due to rising 
costs (Fausold and Lilieholm, 1999).     
   3.2: Recreation in Texas  
 The lack of public lands in Texas also serves as a crucial factor in the future of 
outdoor recreation in the state. In 2001, over 4.5 million Texans, 29 percent of the total 
population, participated in hunting, fishing, or wildlife watching (Susman et al., 2004). 
More than 80 percent of all Texans live in urban areas of the state with half living in one 
of the four major population centers including Dallas, Fort Worth, Houston, and San 
Antonio (TPWD, 2005). Almost 99 percent of Texas residents do not own a significant 
parcel of land and the majority depends on access to parks and natural areas for 
recreational opportunities (Schmidly et al., 2005).  
It is vital to balance this demand for outdoor recreation with the protection and 
sustenance of significant natural resources (Bowen, et al., 1998).  Urban residents derive 
several important benefits from protected areas including education, recreation, and 
protection of vital resources for cities including the provision of clean water, clean air, 
and other ecological services (Sheppard, 2006). However, parkland areas, wildlife 
refuges, and forests make up less than 3 percent of the state’s total land area and the state 
manages less than 1 percent of the state’s entire land (Schmidly et al., 2005). 
Demographers expect the population of Texas to reach 40 million by the year 2046 
putting increased pressure on all the state’s resources and natural areas (Schmidly et al., 
2005). With a growing population and a limited amount of public lands, easy access to 
outdoor recreational opportunities is becoming more limited for the predominantly urban 
population of Texas (TPWD, 2005). The Texas Parks and Wildlife Department (TPWD) 
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recognizes that as the state’s population continues to expand and land fragmentation 
increases the “window of opportunity” for the conservation of natural resources and 
supplying adequate access for outdoor recreation in Texas is closing (TPWD, 2005).   
The tourism industry is considered an economic development tool for local 
communities producing economic output that accrues to local communities where the 
industry operates. Tourism is Texas’ third largest industry producing a Gross State 
Product of $17.0 billion in 2001 (Dean Runyan Associates, 2004). Ecotourism and 
wildlife-based tourism activities comprise a significant portion of total tourism. Texas is 
considered the number one birding destination in North America. However, as demand 
for ecotourism increases, the fragile ecosystems and natural areas of Texas are slowly 
facing unprecedented threats from development and other competing economic activities 
and land uses (Mathis and Matisoff, 2004). A system of protected areas within the state 
providing conservation efforts while offering various recreational activities for the public 
is vital to support the growing wildlife-based tourism industry. 
 According to a survey conducted by the Texas Parks and Wildlife Department 
(TPWD) in 2001, 97 percent of Texans believe it is important to know that wildlife exists 
within the state. Almost all respondents believe it is important to have the opportunity to 
visit a protected area within the state. Texans are also very interested in participating in 
nonconsumptive recreation activities, such as hiking or wildlife watching, and feel it is 
vital for TPWD to continue to manage and protect natural areas in order for visitors to 
enjoy and experience nature. Residents of Texas are becoming increasingly frustrated 
about the lack of easily accessible open land and cite traveling two hours or less to visit a 
site (Schmidly et al., 2001).  
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     3.3: Wildlife Management Areas  
 Providing for conservation and recreation needs is a broad and complex mandate 
requiring careful planning and implementation. Wildlife Management Areas (WMAs) 
offer a comprehensive solution to the increasing demand for outdoor recreational 
opportunities while placing a heightened emphasis on the conservation of natural 
resources. They are an important public resource allowing visitors the opportunity to 
experience, learn about, and enjoy the natural resources and landscapes Texas has to 
offer. Through the management of WMAs, the TPWD aims to foster greater public 
understanding and appreciation of natural areas while promoting the practice of 
conservation of the state’s natural and historical resources as well as increasing outdoor 
recreation and visitation (TPWD, 2005). There are fifty-one WMAs found throughout the 
state encompassing roughly 756,464 acres of land. The TPWD attempts to establish 
WMAs throughout the state in order to represent the habitats and wildlife populations 
typical of each ecological region of Texas. These areas are established for a wide variety 
of reasons and the level of management and monitoring varies from site to site (Hodge, 









Table 2: Stated Goals of Texas Wildlife Management Areas (WMAs) 
1.  Improved access to outdoors 
2. Conserve, manage, operate, and promote agency sites for recreational opportunities, 
biodiversity, and cultural heritage of Texas 
3. Assist landowners in managing their lands for sustainable wildlife habitat  consistent 
with their goals 
4.  Increase participation in hunting, fishing, boating, and outdoor recreation 
5.  Enhance quality of hunting, fishing, boating, and outdoor recreation 
6. Improve science, data collection, and information dissemination to make informed 
management decisions 
7.  Maintain or improve water quality and quantity to support the needs of fish, wildlife, 
and recreation 
8. Continuously improve TPWD business management systems, business practices, and 
work culture  
Source: (TPWD, 2005) 
 
Wildlife management areas are developed to facilitate sustainable wildlife 
management practices while offering opportunities for research, demonstration, 
education, and recreation (TPWD, 2005). WMAs offer a unique opportunity for the 
public to learn, observe, and experience the natural aspects of Texas and the ecosystems 
that support wildlife. Recognizing the fact that private landowners hold title to the 
majority of the state’s wildlife habitat and that wildlife management is becoming an 
increasingly viable land-use form, WMAs provide a unique chance to conduct research 
and demonstrate essential resource and habitat management techniques. They are also 
essential for wildlife conservation activities, public hunting, and other recreational 
opportunities (TPWD, 2005). The Texas Environmental Profile describes WMAs as 
“areas primarily devoted to the preservation of the state’s wildlife resources and wildlife 
areas are acquired, however, for multiple uses, including demonstration areas for wildlife 
management, public hunting, and fishing, and other outdoor recreational activities” 
(Susman et al., 2006). Despite the importance and potential of WMAs for conservation 
and recreation, the system of WMAs remains one of the state’s best kept secrets and the 
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public is ill-informed of the existence, location, permitted activities, and management 
schemes of these areas (Hodge, 2000).   
3.3.1: Management of WMAs 
 For a protected area to be effective, basic requirements must be met. An effective 
agency is required to offer leadership, a management infrastructure, and trained staff.  A 
policy for the system is essential to encourage community initiative and participation in 
the designation, design, management, and operation of protected areas (Lucas, 1992). A 
source of funding for upkeep and operation of the area is also essential. The Texas 
Legislature charges the Texas Parks and Wildlife Department (TPWD) with protecting 
the state’s fish and wildlife resources while fulfilling its primary commitment to the 
people of Texas. The primary functions of the TPWD are management and conservation 
of the natural resources of Texas and to provide outdoor recreational opportunities to the 
public. The mission of the Department is to “manage and conserve the natural resources 
of Texas and to provide hunting, fishing, and other recreation opportunities for the use 
and enjoyment of present and future generations” (TPWD, 2005). To achieve this 
mission, the Department manages approximately 1,387,073 acres of land through a 
system of parks, wildlife management areas (WMAs), and historic sites across the state 
for people to use and enjoy through educational and recreational activities. Often 
revenues provided by hunting and fishing license sales serve as a significant source of 
funding for state wildlife associations. The associated fish and wildlife populations rely 
on associated habitat protection provided by protected areas and open space (Fausold and 
Lilieholm, 1999). The Department depends, in large part, on hunters, anglers, boaters, 
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campers, hikers, and other visitors to parks and historic sites for essential support and 
revenue, as seen below in Figure 1: 
    
Figure 1: Fiscal Year 1998 Estimated Funding Sources for Texas Parks and 
Wildlife Department (TPWD) 
 
TPDW works in conjunction with other governmental agencies, nonprofits, the private 
sector, and private landowners to conserve significant natural resources and provide 
recreational access into protected areas to the public (TPWD, 2005).  
 The Department recognizes the importance of balancing outdoor recreation and 
conservation and the Department’s philosophy reflects this position: 
 We seek to balance outdoor recreation with conservation as we achieve greater  
self-sufficiency. On one hand, we must manage and protect our natural and  
cultural resources. At the same time, we must generate increased revenue by 
adding value through more and better public services. We affirm that a culturally 
diverse well-trained staff will best achieve this balance. And we must never 
forget, not in the haste of business, nor in the pride of science, that the outdoors 
should above all be a source of joy! Providing outdoor experiences, whereby 
young minds form values, will be our greatest contribution to the future.   
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This philosophy recognizes the importance of public support for the success of any land 
conservation management plan. The Department serves as a catalyst to encourage the 
private sector to take a more active role in conservation and increase the opportunity for 
outdoor recreation. The best way to ensure public support, especially in a state such as 
Texas where the majority of land is in private hands, is to offer economic incentives to 
encourage conservation of significant natural areas. An important factor to ensure 
successful ecotourism development in a local community is the amount of revenue that 
remains within the local economy in the form of economic benefits and revenue. 
Wildlife-based tourism and the associated recreational activities are one of the few 
permitted activities of a protected area with the ability to generate financial benefits and 
can offer a potential solution to the dilemmas facing managers of wildlife management 
areas (Dixon and Sherman, 1990).  
  The Wildlife Division within the TPWD is in charge of managing the Texas 
WMAs. Among the responsibilities of the Wildlife Division are wildlife planning and 
research, conducting inventories on wildlife resources, monitoring population dynamics, 
regulating game seasons and bag limits, conserving non-game and rare species, habitat 
conservation and acquisition, providing technical assistance to land owners, and 
operating and managing the wildlife management areas throughout the state (TPWD, 
2005). In accordance with Chapter 81 of Subtitle E of the Parks and Wildlife Code for 
Texas, the TPWD is given the general authority to establish and manage WMAs. The 
Department has the expressed authority to “acquire, develop, maintain, and operate 
wildlife management areas and may manage, along sound biological lines, wildlife and 
fish found on any land the department has or may acquire as a wildlife management 
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area”. The Department establishes rules governing recreational activities within these 
areas. The TPWD focuses on wildlife protection aiming to slow or reverse the decline in 
the quality and quantity of biodiversity within the state by improving the quality of 
remaining wildlife habitat. To this end, the TPWD biologists promote management 
practices which maximize wildlife potential, prevent waste or depletion of the resource, 
provide aesthetic and economic benefits to the general public, and offer increased 
opportunities for the public use and enjoyment of the state’s natural resources (Bowen et 
al., 1998). Wildlife management areas have the potential to achieve this wide range of 
goals.  
 3.3.2: Funding for WMAs 
 
 A system of protected areas requires a source of funding to support the 
establishment and upkeep of the areas. An important source of funding for wildlife 
management areas in Texas is provided by the Federal Aid in Wildlife Restoration Act of 
1937, more commonly known as the Pittman-Robertson Wildlife Restoration Act. This 
Act provides funding for the selection, restoration, rehabilitation, and improvement of 
wildlife habitat and wildlife management research (TPWD, 2007). State limits approved 
projects and funding to wildlife management, related public use of wildlife, and hunter 
education (TPWD, 2007). The state fish and wildlife department develop programs and 
submit them to the Department of the Interior for approval based on formulas established 
in the Act. If the program is approved, funds provided by the Act may be used by the 
State for the planning and implementation of its wildlife conservation and restoration 
programs including activities related to wildlife conservation, wildlife conservation 
education, and wildlife-associated recreation activities (U.S. Code, 1938). As used in the 
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Act, conservation refers to “the use of methods and procedures necessary or desirable to 
sustain healthy populations of wildlife, including all activities associated with scientific 
resources management, such as research, census, monitoring of populations, acquisition, 
improvement and management of habitat, live trapping and transplantation, wildlife 
damage management, and periodic or total protection of a species or population, as well 
as the taking of individuals within wildlife stock or population if permitted by applicable 
State and Federal law” (U.S. Code, 1938). The Act identifies “wildlife-associated 
recreation” as “projects intended to meet the demand for outdoor activities associated 
with wildlife including, but not limited to” hunting and fishing, wildlife observation and 
photography, construction or restoration of wildlife viewing areas, observation towers, 
blinds, platforms, land and water trails, water access, and field trailing (TPWD, 2005).  
 The funds provided by the Pittman-Robertson Act allow the Wildlife Division of 
the TPDW to provide many services including technical guidance to private landowners, 
surveys and research for development of hunting regulations, operation and management 
of WMAs in Texas, and allowing research and development for managing the various 
wildlife populations and wildlife habitats throughout the state (TPWD, 2007). The funds 
provided by the Pittman-Robertson Act are collected from an 11percent federal excise tax 
paid by manufacturers on sporting rifles, shotguns, ammunition, and archery equipment, 
and a 10 percent excise tax on handguns. The distribution of funds is based on land area 
and the number of hunters in the state. Most of the work conducted by the Wildlife 
Division of the TPWD is eligible for reimbursement and for every dollar spent on 
approved Pittman-Robertson projects, about 75 cents (approximately $9 million annually) 
is returned to the Wildlife Department to use for wildlife conservation (TPWD, 2007).   
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Chapter 4: Concepts 
 In theory, wildlife management areas are established to fulfill the two-fold 
mission of the TPWD: “manage and conserve the natural resources of Texas” and 
“provide hunting, fishing, and other recreation opportunities for use and enjoyment of 
present and future generations.” A further goal of the TPWD aims to ensure each 
ecoregion within the state is represented by a wildlife management area. Providing a 
framework for analysis of these variables is important. Measuring the success of these 
areas in providing for the conservation of natural resources and recreation opportunities 
requires determination of the influential factors.  
     4.1: Concept of an Ecoregion Framework 
Texas is a large and ecologically diverse state characterized by varying climatic 
regimes and vegetation types. Due to this extensive diversity, monitoring and 
management of ecosystems becomes a complicated process (Gallant et al., 2004). In 
order to simplify the process, it is important to select an appropriate scale to describe the 
diversity and assess the effectiveness of wildlife management areas to achieve the goals 
of the TPWD. This can be done through the selection of an appropriate stratification 
framework defined by the objectives of the land use application (Gallant, et al. 2004). 
Ecologists delineate and categorize the various natural regions of the state into a 
comprehensive system of ecoregions based on vegetation, climate, geology, soils, and 
other environmental characteristics present across the state (TPWD, 2005). Given the size 
and ecological complexity of the state and the data used to evaluate the effectiveness of 
the areas, the Gould ecoregions of Texas provide the most appropriate scale of 









The Environmental Protection Agency (EPA) defines ecoregions as “areas of 
general similarity in ecosystems and in the type, quality, and quantity of environmental 
resources.” They are further designed to “serve as a spatial framework for the research, 
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assessment, management, and monitoring of ecosystems and ecosystem components.” 
Delineation of these areas is critical for planning and implementing ecosystems 
management strategies across all levels including federal agencies, state agencies, and 
nongovernmental organizations that are all responsible for the different types of resources 
within the same geographic regions (Griffith et al., 2004). Ecoregions are visible and they 
are directly related to the environmental characteristics of a particular region and provide 
a basis for identifying the status and trends of land-cover and land-use changes across 
habitats. The classification of ecoregions derives from geospatial patterns of 
environmental processes and characteristics allowing for the classification of land use 
potential and capacities within a natural region. This framework is strongly related to 
features that are visible in the landscape to assist in understanding land-cover and land 
use-dynamics (Gallant, 2004). Following the theory of representativeness, identifying and 
mapping the ecoregions in comparison with the location and size of each WMA offers a 
broad assessment of the effectiveness of these areas in regards to being representative of 
the range of ecosystems and habitats found within Texas to ensure equal protection 
across ecoregions. Ecoregions are highly varied and are reflective of the high level of 
biodiversity found within Texas, as discussed in the following descriptions of the 
ecoregions found in Texas:  
    4.2: Description of Texas Ecoregions 
            4.2.1: Pineywoods  
 The pineywoods ecoregion of Texas is home to the majority of the forestland in 
the state, of which only 7 percent is publicly owned. National Geographic identified this 
region as one of the fastest disappearing ecoregions in the nation (Susman et al., 2006). 
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This region is characterized by a rolling terrain of rich bottomlands and is part of a larger 
area of pine-hardwood forest extending into Louisiana, Arkansas, and Oklahoma (Smith 
and Campbell, 1996). The pineywoods region reflects some of the most varied and 
richest wildlife habitats in Texas and supports a high level of biodiversity including a 
number of endangered species. The forests found in this region serve as a source of water 
and protect the water quality for Texans from Houston to Texarkana. East Texas has the 
second fastest growing population rate in the nation placing increased pressure on 
forestlands of the Pineywoods ecoregion to be developed (Susman et al., 2006).   
            4.2.2: Gulf Prairies and Marshes  
 The Gulf Prairies and Marshes ecoregion of Texas is dominated by a 
hydrologically complex mix of uplands and wetlands (Susman et al., 2006). The nearly 
level, slowly drained plain is dissected by numerous streams and rivers that flow into the 
Gulf of Mexico. It is characterized by barrier islands along the coast, salt grass marshes 
around bays and estuaries, remnant tallgrass prairies, oak parklands, and tall woodland in 
the river bottom (Smith and Campbell, 2006). This region provides many ecological 
services to the residents of Texas including the provision of air and water quality. The 
prairie grasses help filter pollutants, serve as CO2 sinks, recharge the gulf coast aquifer 
and restore ground water levels. The wetlands also serve as a natural buffer against 
flooding and storm surge caused by extreme weather events.  Over three hundred bird 
species rely on this productive region for food and as a rest area for spring and fall 
migrations, often supporting more of particular species than any other place in the world 
(Bartlett, 1995). These species include the rare whooping crane, aplomado falcon, white-
tailed hawk, and the endangered Attwater’s prairie chicken. The Louisiana Natural 
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Heritage Program classified the gulf coast prairies stretching along the coast of Louisiana 
and Texas as “critically impaired”. This region once covered 13 million acres and is now 
reduced to only 250,000 acres. Most of the land has been lost to agriculture and 
development pressures.  As the area was overgrazed, exotic invasive species such as the 
Chinese tallow and Macartney rose proliferated putting many significant species at risk 
(Bartlett, 1995).  Continued population growth in the Gulf Prairies and Marshes 
ecoregion will continue to cause urban sprawl and present development pressures to this 
fragile and ecologically important ecoregion (Susman et al., 2006).  
            4.2.3: Post Oak Savannah Ecoregion  
 The Post Oak Savannah ecoregion of Texas is a long and narrow transitional area 
between forest and the Blackland Prairies to the west and stretches from the Red River to 
San Antonio in the eastern portion of the state (Bartlett, 1995). Tyler, Bryan, and College 
Station are the major cities located within the region. It also borders Texas’ urban triangle 
where 75 percent of the state’s population resides in the cities of Dallas-Fort Worth, 
Waco, Austin, and Houston. A small percentage of the region is publicly owned. This 
region is characterized by Savannah bogs supporting populations of mosses, ferns, 
orchids, carnivorous plants, wild azalea, epiphytes, and the endangered Texas trillium 
(Susman et al., 2006). The area supports the largest Bald Eagle rockeries in the state and 
eagles are easily seen all winter long (Bartlett, 1995). Extensive populations of bobwhite 
quail, wild turkey, and white-tail deer attract hunters to the region who contribute roughly 
$73.2 million to the region’s economy each year (Susman et al., 2006). The region also 
boasts the longest natural trail system managed by the Texas Parks and Wildlife 
Department (Bartlett, 1995). 
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            4.2.4: Blackland Prairie  
 The deep, fertile black soils characteristic of this region provide the name for the 
Blackland Prairie ecoregion. It lies in east Texas between the Post Oak Savannah region 
and the Cross Timbers and Prairies ecoregion. Soil scientists have identified more than 
14,000 soil types, each with its own distinctive profile and horizons (Bartlett, 1995). This 
region was once dominated by tallgrass prairie habitat but most of the original prairie has 
been plowed for food production and forage crops due to the fertile soils. It is the most 
severely altered ecoregoin in Texas and only 5,000 acres of the original tallgrass prairie 
remain. The soils are a mix of dark, alkaline clays and are often referred to as a “black 
gumbo” and most of the land in this region has been converted to cropland due to this 
fertile soil. Crop production and cattle ranching remain the primary agriculture industries 
in this region (Susman et al., 2006).   
            4.2.5: Cross Timbers and Prairies 
 The Cross Timbers and Prairies ecoregoin covers seventeen-million acres and is a 
natural extension of the Post Oak Savannah and the Blackland Prairies moving into the 
Rolling Plains (Bartlett, 1995). The Texas Parks and Wildlife Department ranks this 
ecoregion the lowest in the state in terms of “conserved status.” The expansive land tracts 
and highly varied habitat characterize this region with mature oaks and prairie found 
alongside major waterways including the Trinity and Brazos rivers. The riparian forests 
serve as water filters to improve water quality and reduce flooding and storm water 
runoff but are highly altered. This region also supports the least disturbed forest system in 
the eastern United States but is pressured by a high projected population growth in 
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surrounding areas. Over 280 species of birds are found in this region and rely on large 
expanses of forest in order to breed and forage (Susman et al., 2006). 
            4.2.6: South Texas Plains  
 Some of Texas’ most unique landscapes are found in the South Texas Plains 
ecoregion. Chihuahan desert, subtropical woodlands, semi-arid scrubs and trees, and 
coastal grasslands are all found in this region. Despite its uniqueness, this region is the 
most endangered. The Lower Rio Grande Valley is the only subtropical region of Texas 
and is the most biodiverse area in North America. According to the United States Fish 
and Wildlife Service, eleven distinct flora and fauna biotic communities exist in the 
Valley. Many rare plants and animals including ocelots, jaguarundies, pygmy owls, green 
jays, elf owls, Texas tortoises, indigo snakes, Mexican burrowing toad, and numerous 
cacti species rely on the productive habitats found in the Valley for survival. The region 
is also known as an international Mecca for birding enthusiasts because many bird 
species found in the Valley are found nowhere else in North America. It is the second 
most popular birding destination in North America and supports an ecotourism industry 
that brings millions of dollars and thousands of jobs into the region. Despite their obvious 
ecological importance, the habitats of the South Texas Plains ecoregion remain 
threatened by increased development. During the past one hundred years 95-99 percent of 
the land in the Valley has been cleared and converted to other land uses. Roughly 97 
percent of the land is currently in private hands (Susman et al., 2006).  
            4.2.7: Edwards Plateau   
 The Edwards Plateau ecoregion is found in central Texas. Springs, stony hills, and 
steep canyons dominate the landscape. Elevations range from slightly less than 100 feet 
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to over 3,000 feet above sea level. This region is home to a diverse array of rare plant and 
animal species, many of them found nowhere else in the world. Several river systems cut 
through the region creating a rough and well-drained terrain and thousands of caves. The 
Edwards Aquifer is found underneath the eastern edge of the region creating a unique 
underground lake system where numerous rare salamander species are found. The area is 
also characterized by extensive grasslands, oak dominated woodlands, and plateau live 
oak. In presettlement times, open grasslands and Savannahs were more common in the 
area but have since been converted to mesquite Savannah due to excessive crop 
production and ranching, which remains the primary commercial industry found in the 
Edwards Plateau region (Susman et al., 2006).  
           4.2.8: Rolling Plains   
 The Rolling Plains of Texas are an extension of the Great Plains of the central 
United States. Over two-thirds of the lands in the Rolling Plains ecoregion remain 
managed as rangelands. Much of the original land in this region has been cleared for 
pasture or oilfield pads. Many Texas rivers have their origins in this region which easily 
cut through the soft clays and soils characteristic of the area giving it a gently rolling 
terrain. Many rare endemic wildlife species are found within the river ecosystems. 
Despite its ecological importance, only a small portion of the region is under TPDW 
management. Protection of this region depends on the efforts and work done by private 
landowners (Bartlett, 1995).    
 4.2.9: High Plains  
 Over 20,000 pools of rainwater called playas characterize the landscape of the 
High Plains ecoregion located in the northwestern region of Texas. These pools serve an 
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important ecological role providing essential overwintering grounds for over one million 
ducks and other bird species. The region is the main wintering ground for many Short-
Grass Prairie populations of Canada Geese, mallards, and a substantial portion of mid-
continent population Sandhill Cranes. Excessive cultivation of the land has eroded the 
surrounding uplands causing sediment to flow into the playas making them unsuitable for 
waterfowl survival. Cultivation and overgrazing also leaves original grasslands of the 
region vulnerable to invasion from exotic plant species such as broomweed. The 
destruction and degradation of habitat remain as the greatest threats to the High Plains 
ecoregion of Texas. Because of the avian abundance found in the region, the area attracts 
a significant number of birding enthusiasts each year. The protected Playa Lakes Region 
includes 90 million acres (Bartlett, 1995).  
 4.2.10: Trans-Peco  
The Trans-Peco ecoregion sits in the western portion of the state. This region 
supports a vast diversity of desert-floor fauna and flora despite only receiving an average 
annual rainfall of ten inches. The greatest variety of plants, animals, and natural 
communities are found in the Trans-Peco region many of which remain unprotected. 
Numerous mountain ranges pass through this region and Guadalupe Point is the highest 
point in Texas at 8,749 feet. The Black Gap wildlife management area is located in this 
region and provides the Texas public with opportunities to view several seldom seen 
species including coyote, bobcat, black bear, and over 260 species of birds. It is the 
largest WMA in Texas covering an area of 106,000 acres. Cattle ranching in the region 
began in the 1860s with no regulations to control the free range of cattle causing the loss 
of much of the grasslands found within the region. Today many ranchers are working to 
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restore biodiversity through protection of resources and continued research. Although this 
ecoregion supports the lowest population of any ecoregion, explosive human population 
growth continues to threaten the area as wide-open ranchlands are converted to smaller 
parcels to support more intensive land uses (Bartlett, 1995).   
      4.3: Representativeness Definition 
The loss of biodiversity and landscape degradation and fragmentation are 
occurring at an increased pace worldwide and threatening entire ecosystem types 
(Armenteras et al., 2003). Ecosystem degradation, habitat loss, and land fragmentation 
are among the principal causes of biodiversity loss in the world (Armenteras et al., 2003). 
Systems of protected areas within countries or regions often show great imbalances with 
particular ecosystems having large percentages of protection and others remaining poorly 
or totally unprotected. Those areas particularly prone to degradation or destruction and 
lacking protection are of heightened concern. Conservation of these areas becomes less 
likely because limited resources are made available for protection and once they decline 
or degrade the potential to protect biodiversity and restore ecological resilience is 
significantly reduced or completely lost (Pressey, 1994).  
Individual areas are often selected for inclusion in a system of protected areas 
because they lack value for other major commercial land uses or human habitation. Other 
reasons for protection include scenic value, recreation value, tourism potential, and 
historical protection for uses such as hunting or fishing (Pressey, 1994). In the United 
States, recreational values and spectacular scenery have been major reasons for 
reservation in protected areas. These reasons offer financial incentives to communities to 
attract tourists and the generated revenue (Pressey, 1994). Pressey (1994) describes these 
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approaches as being ad hoc and often bias in the content of regional reserve systems 
leaving important species, communities, and habitats within regions completely 
unprotected. The incorporation of the concept of “representativeness” into development 
and management plans for systems of protected areas can overcome these ad hoc 
approaches to management. Locating appropriate areas for protection should be a 
deliberative process guided by the distribution of natural features and necessary levels of 
protection (Pressey, 1994). The conservation of biodiversity within a protected area relies 
on a variety of management arrangements that aim to balance extractive uses with the 
retention of the area’s natural values. In order to achieve this, there is recognition that it is 
necessary for protected areas to be as representative as possible at all levels of 
biodiversity (Pressey, 1994). The system should be representative of a wide variety of the 
natural features found in an area including the various ecosystems, communities, and 
species. Those natural features least likely to persist in the presence of any significant 
extractive use should be as representative as possible (Pressey, 1994).  
Ideally, a system of protected areas within a particular region should reflect the 
variety of landscapes characteristic of the region and demonstrate harmonious 
interactions of people and nature. There is wide discussion in the literature that protected 
areas should be as representative as possible of all levels of biodiversity (Pressey, 1994; 
Armenteras et al., 2003; Stevens, 2002; Lucas, 1992). These ideas are reflected in the 
concept of representativeness which refers to the selection of protected areas in order to 
maintain the fullest possible range of natural ecosystems and the associated biological 
diversity present in a particular region. The IUCN advocates this approach and 
encourages the adoption of a systematic approach to protected area selection and the need 
 43
for each country to protect a “complete range of ecosystems representative of the 
different types of ecosystems” found within that country (Lucas, 1992). These areas 
should represent those natural features such as ecosystems, communities, and species that 
are least likely to strive in the presence of extractive uses in the area. Within countries, 
protected area systems tend to reflect great imbalances, with some specific types of 
environments reflecting large percentages of total areas protected and others left 
completely unprotected (Pressey, 1994).   
 Representativeness, in its simplest form, describes a management system where a 
representative sample of each type of habitat or ecosystem occurring in an area or region 
is included in a system of protected areas. Stevens, 2002 recognizes two uses of the 
concept of representativeness. First, representativeness in a narrow sense is used as a 
noun to describe a type of system of protected areas and is referred to as sensu stricto 
representativeness. This concept reflects the idea that each habitat has a conservation 
value based on its intrinsic functional position within an ecosystem irrespective of other 
characteristics such as biodiversity, uniqueness, or endangered species habitat. Sunsu lato 
representativeness is used as an adjective to describe a specific criterion for the selection 
of individual protected areas within a system that meet at least one of several unique 
characteristics including high biodiversity, uniqueness, critical or essential habitat for 
ecosystem function or species, high productivity, and so on. In broad terms, this use 
implies the intention of developing a system of protected areas that “represent” all types 
of important habitat characteristics found within a region (Stevens, 2002).  
 The idea of representativeness is reflected in the system of wildlife management 
areas (WMAs) in Texas. The Texas Parks and Wildlife Department (TPWD) establishes 
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WMAs with the intention of representing the habitats and wildlife populations typical of 
each ecological region found throughout the state (TPWD, 2005). Defining the 
ecoregions of areas allow managers to more effectively understand the regional patterns 
of natural resources. The approach for defining and determining ecoregions is based on 
the hypothesis that ecosystems and their natural components reflect regional patterns in 
spatially variable combinations of factors including climate, natural vegetation, mineral 
availability, soils, geography, vegetation, and physiography found within a natural system 
or region (Omernik, 1987). Use of the framework, especially in states with high 
ecological diversity such as Texas, can ensure protection of a representative sample of all 
ecosystem types within the state while providing for the fulfillment and maintenance of 
the various goals of the TPWD.  













Chapter 5: Data and Methodology 
     5.1: Data 
 5.1.1: Visitation Data   
 The second portion of TPWD’s mission is to “provide hunting, fishing, and other 
recreation opportunities for use and enjoyment of present and future generations.” The 
level of tourism activity in a protected area reflects the success of the management 
scheme in the area. Effective policy based on a good information system requires data on 
the supply and demand structure for the development of the tourism sector, especially at 
the local and regional levels (Vanhove, 2005). Visitation rates have the potential to 
reflect the success or failure of a system of protected areas. A visitor is defined by the 
IUCN as “a person who visits the lands and water of a park or protected area for the 
purposes mandated for the area.” Each visitor who enters a protected area for a purpose 
allowed in the area creates a visit statistic. The sum of visits during a certain period of 
time creates a total visitation statistic (Hornback and Eagles, 1999). Identifying factors 
that influence visitation rates can help area managers make more informed decisions for 
increasing visitation rates while managing visitors and their behavior more effectively. 









Table 3: Visitation Rates at Texas Wildlife Management Areas (WMAs), 2001 
WMA Visitation WMA Visitation 
Alabama Creek 383 M.O. Neasloney 250 
Alazon Bayou 264 Mad Island 1000 
Angelina-Neches 405 Mason Mountain 221 
Atkinson Island . Matador 2683 
Bannister 493 Matagorda Island . 
Big Lake Bottom 231 Moore Plantation 639 
Black Gap 1025 North Toledo Bend 203 
Caddo National 
Grasslands 
335 Old Sabine Bottom 2500 
Caddo Lake 5000 Old Tunnel 11300 
Candy Cain Abshier 600 Pat Mayse 2339 
Cedar Creek 50 Peach Point 2500 
Chaparral 3973 Playa Lakes Dimmit Unit 40 
Cooper 3727 Playa Lakes Armstrong Unit 40 
D.R. Wintermann 50 Playa Lakes High Plains Unit 40 
Elephant Mountain 1300 Ray Roberts Lake 921 
Gene Howe 2020 Redhead Pond 50 
Granger 1067 Richland Creek 5860 
Guadalupe 1500 Sam Houston National 
Forest 
2505 
Gus Engeling 4771 Sierra Diablo 50 
J.D. Murphree 6500 Somerville 500 
James E. Daughtrey 750 Tawakoni 1200 
Keechi Creek 504 Tony Houseman 800 
Kerr 1100 Walter Buck 20142 
Las Palomas 2000 Welder Flats . 
Lower Neches 875 White Oak Creek . 
Source: TPWD, 2005 
As the population of Texas becomes increasingly urban, it is important for these 
areas to be accessible to the public and located within reasonable proximity to the urban 
population centers to effectively provide the public with opportunities to participate in 
outdoor recreational activities. The data gathered for this analysis include the type of 
activities allowed at each of the wildlife management areas in Texas, size of the areas, the 
ecoregion in which they are located, and populations of the counties found within each 
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ecoregion. Permitted activities include the noncomsumptive activities of hiking, biking, 
camping, horseback riding, and wildlife watching. The possible consumptive activities 
include hunting, fishing, and driving.  The TPWD determines which activities are 
consistent with the management goals and manages the permitted activities at each 
individual wildlife management area. It is important for these activities to be both 
consistent with the natural resource management goals of the area while meeting the 
recreational demands of the public. The 2005 Texas Parks and Wildlife Division’s Land 
and Water Resources Conservation and Recreation Plan supplied the most recent 
visitation rates data for all WMAs within the state for 2001. The Texas Parks and 
Wildlife Department’s website provided the size of each area and allowable activities at 
each area. In order to account for size differences among the various WMAs, visitation 
rates were normalized by size for each wildlife management area. Analysis of the various 
factors with a possible influence on visitation rates at wildlife management areas can 
determine if visitation rates are an effective indicator of a protected area’s success and the 
importance of tourism in the area, both in terms of providing for wildlife conservation 
and recreation opportunities to visitors. 
 As previously discussed, the mission of the Texas Parks and Wildlife Department 
includes the management and conservation of Texas’ natural resources while providing 
outdoor recreational opportunities to the general public. The recreational value of an 
individual area is determined by the visitation rate, the allowable activities, and the 
accessibility. Although the TPWD regulates the type of activities allowed in each WMA, 
it does not distinguish between nonconsumptive and consumptive activities. For the 
purposes of this study, it is necessary to distinguish between the nonconcumptive and 
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consumptive activities. The nonconsumptive allowable activities at Texas WMAs include 
camping, hiking, biking, horseback riding, and wildlife watching. Consumptive activities 
include fishing, hunting, and driving since they have the potential to directly effect the 
natural environment. A total recreational value was calculated for each WMA based on 
the total of consumptive and nonconsumptive activities. The consumptive and 
nonconsumptive activities are listed below in Table 4: 
Table 4: Allowable Activities in Texas Wildlife Management Areas (WMAs) 
Consumptive Non-Consumptive 
    1. Hunting     1. Hiking 
    2. Fishing     2. Camping 
    3. Driving     3. Horseback Riding 
     4. Biking 
     5. Wildlife Watching 
       Source: TPWD, 2005 
 Texas Tech University conducted a large scale survey in 2001 to determine how 
Texans feel about the outdoors, recreation, natural resources, and about Texas Parks and 
Wildlife Department (TPWD) and its programs. The results revealed Texans have strong 
opinions about outdoor recreation opportunities and the importance of conserving the 
state’s natural resources and strongly support the mission and goals of TPWD. Over 70 
percent of Texans consider managing and preserving natural areas as places to enjoy and 
experience nature as an important role of TPWD. To this end, Texans feel natural 
resource values are more important than recreational values. Less consumptive nature-
based recreational activities such as hiking and wildlife watching are more highly valued 
than consumptive activities such as hunting or fishing. Texans are also becoming 
increasingly frustrated by the lack of easily accessible land to experience nature and cite 
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the desire to drive less than two hours to visit a protected area for day use (Schmidly et 
al., 2001).    
 Wildlife management areas play an important role in the conservation of the 
state’s natural resources and providing Texans with opportunities to participate in various 
nature-based recreational activities, both of which Texans feel strongly about. Visitation 
rates have the potential to reflect the success or failure of a system of protected areas. 
Identifying factors that influence visitation rates can assist managers of these areas make 
more informed decisions in order to increase visitation and manage public use of the 
areas more effectively. Determining the various factors that might influence visitation 
rates at WMAs can determine if visitation rates serve as an effective indicator of a system 
of protected area’s success and the importance of tourism in the area, both in terms of 
wildlife conservation and public recreation areas.  
   5.2: Methodology 
            5.2.1: Bivariate Correlation  
 Visitation rates serve as the continuous dependent variable for this study. It is 
hypothesized this variable is possibly influenced by several independent variables as seen 
in Table 5. Please refer to Appendix 1 for a complete list of variables and assigned values 
as entered into the SPSS spreadsheet. Using SPSS statistical software, a bivariate 
correlation was run to determine if size of area and types of activities allowed at each 
area significantly influenced area visitation. Correlation refers to the degree of the 
relationship between two variables such that high or low scores of one tend to generate 
the same degree of high or low scores on the other (Corston and Colman, 2003). A 
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bivariate correlation is a statistical test to determine the correlation between two variables 
representing the linear relationship between them (George and Mallery, 2007).    
Table 5: Dependent and Independent Variable Descriptions 





at each WMA 
Visitation TPWD 
Independent Size of WMA Acres Size TPWD 
Independent Total activities Total activities 






















county for each 
ecoregion 
Ecopopul US Census, 
2000 
Independent Number of 
endangered 
species 
Total number of 
endangered 




            5.2.2: Mann-Whitney Nonparametric Test 
 For the purposes of determining differences of visitation rates across the various 
ecoregions, a Mann-Whitney Nonparametric test was conducted for each ecoregion. It is 
assumed that the normalized visitation rates of the WMAs do not represent a normal 
distribution. There is a significant difference between the mean and median rate for the 
areas, indicating there is not a normal distribution across the sample. Nonparametric tests 
deal primarily with populations that are not normally distributed and allows for statistical 
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tests to be conducted when the assumption of normality is violated (George and Mallery, 
2007). The Mann-Whitney test is used to combine the scores of two groups, rank them, 
and then calculate the U statistic which represents the number of times the score from the 
second group precedes a score from the first group among the ranking (Corston and 
Colman, 2003). When conducting this test it is necessary to identify the different levels of 
the grouping variable in order to assign a range to the data. In this case, the ecoregion 
grouping variable is coded as 1 (yes) if the individual WMA is located within that 
ecoregion and a 0 (no) indicates that it is not located within that ecoregion. It is necessary 
to define the groups of the variable based on the coding within SPSS. A mean rank is 
computed for both normalized visitation for all areas and for areas within each ecoregion. 
Based on the results, if an ecoregion receives a higher mean rank this indicates a higher 
visitation rate among that ecoregion compared to the other ecoregions. If the mean rank is 
lower for the ecoregion, that ecoregion has a lower visitation rate than other ecoregions. 
The test also produces a Z score associated with the significance value to determine if the 











Chapter 6: Results and Conclusion  
   6.1: Results of Bivariate Correlation 
 As predicted, the size of the wildlife management area appears to positively 
correlate with the total number of visitors to the area. For this reason, the visitation rates 
were normalized by size to account for the significant variation in size among the 
individual WMAs. The dependent variable, normalized visitation rate, was found not to 
correlate with any of the independent variables except the consumptive activities 
variable. This indicates that the WMAs providing the consumptive activities of hunting, 
fishing, and driving are less likely to attract high numbers of visitors. The results of the 
test are shown below in Table 6: 
Table 6: Results of Spearman’s Rho Measure of Association between Visitation 
Rates and Attributes of Wildlife Management Areas (WMAs) 






































A goal of the TPWD is to provide recreational opportunities to the residents of Texas. 
Based on the survey conducted by Texas Tech University, people in Texas are more 
concerned about opportunities for nonconsumptive activities as opposed to consumptive 
activities such as hunting and fishing. Consistent with the results of the survey, the 
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variables of the consumptive activities of hunting, fishing, and driving are factors that 
appear to influence visitation rates at wildlife management areas.  
   6.2: Representativeness Results: Ecoregion Descriptives 
Wildlife management areas are found in all the ecoregions of Texas except the 
Crosstimbers and Prairies ecoregion which is completely unrepresented. This ecoregion 
supports the fourth largest population of all the ecoregions of Texas. Only five wildlife 
management areas are found within the ecoregion that supports the highest population, 
the Blackland Prairie ecoregion, with an area of 69,166 acres covered in a protected state. 
Dallas, a major population center of Texas, is located in this ecoregion. The Prairies and 
Marshes ecoregion has the highest number of WMAs but they only cover an area of 
120,991 acres. Although this ecoregion has a high number of areas, protection is 
unevenly distributed with some areas protected and others remaining completely 
unprotected. The Piney Woods region is the most protected in terms of total area with 
277,472 acres represented by ten WMAs. Descriptive results are shown in Table 7: 
Table 7: Texas Ecoregion Descriptives 




Piney Woods 10 277, 472 4,958,697 
Gulf Prairies and 
Marshes 
12 120,991 5,811,987 
Post Oak Savannah 8 66,030 1,787,437 
Blackland Prairies 5 69,166 7,306,869 
Cross Timbers and 
Prairies 
0 0 4,393,307 
South Texas Plains 3 22,911 3,112,901 
Edwards Plateau 4 13,965 3,152,151 
Rolling Plains 2 34,069 952,215 
High Plains 3 1,592 1,082,374 
Trans-Peco 3 137,771 890,536 
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6.3: Results of Mann-Whitney Nonparametric Test  
 A Mann-Whitney rank-sum test was conducted for each ecoregion to determine if 
normalized visitation rates differed significantly across ecoregions. The results are 












Table 8: Mean Rank Results of the Mann-Whitney Nonparametric Test for Normalized Visitation among the Ecoregions  





































14.00 5.00 29.22 30.75 14.00 31.67 26.00 25.00 32.29 
p 
 
0.10* 0.007* 0.160 0.279 0.225 0.301 0.812 0.811 0.061* 
 n=51
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When the mean rank is higher for the coded variable Yes (1) than for the coded 
variable No (0) for the ecoregion, it indicates that the visitation rate is higher in the 
particular ecoregion compared to visitation in all other ecoregions combined. Although 
there were observed differences among all of the ecoregions, not all of them showed 
statically significant differences. Those values reflecting statistical significance are 
indicated with a * in Table 8. The Pineywoods ecoregion and the Trans-Peco ecoregion 
both produce low p values therefore reflecting significantly lower visitation rates than the 
WMA system as a whole. The Post Oak Savannah ecoregion, on the other hand, shows a 
significantly higher visitation rate.  
6.4: Conclusion 
 
 The purpose of this research was to evaluate a system of protected areas in the 
state of Texas using the stated goals of the Texas Parks and Wildlife Department for the 
system and the international definition and goals of protected areas as defined through the 
Rio Summit. An extensive analysis of various attributes of wildlife management areas 
was conducted to determine possible influences on visitation rates. These attributes 
included allowable activities in each area, number of endangered species in each area, 
population of the surrounding ecoregion, and number of wildlife management areas in the 
ecoregion. A major goal of a system of protected areas is to represent all ecosystems 
present in a region. An ecoregion approach was used to determine if each ecoregion in 
Texas was represented in the system of wildlife management areas.  
Texans have strong opinions about outdoor recreation and believe it is important 
to protect these areas as places to enjoy and experience nature. As open space becomes 
more limited, visitors are demanding more opportunities for nonconsumptive wildlife-
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based recreation activities such as hiking and wildlife watching. However, the public 
remains ill-informed about the existence, location, and allowable activities of the wildlife 
management areas of Texas. Effective monitoring of visitation rates and related data 
provide managers with vital information on the success of these areas allowing them to 
provide better information to the public and visitors leading to better planning for 
preventative measures to build resilience in the areas.  
Based on these results it is clear to assume there are probably other factors not 
included in this study that may influence visitation rates. More detailed analysis of the 
characteristics and natural attributes of ecoregions could help to explain variation in the 
visitation rates at wildlife management areas. One influence could involve the distance of 
population centers from these areas. Geographers often refer to the gravity model to 
predict the movement of people from place to place. It takes into account the population 
size of two places and their distance and predicts that larger places attract more people 
than smaller places. Also, places closer together have a greater attraction than places 
farther apart. These two factors help determine the strength of the bond between two 
locations. Since the majority of the population in Texas lives in a few metropolitan areas 
and residents of Texas cited the desire to drive less than two hours to these areas, a type 
of distance measure between these metropolitan areas and the wildlife management areas 
is a possible influencing factor on the visitation rates.   
Sustainable systems of protected areas are a vital tool for maintaining the 
biodiversity of plant and animal species within ecosystems while protecting the aesthetic 
and recreational values of natural areas. The Rio Summit presented an international set of 
goals and ideals for protected areas. Although Texas has not completely adopted these 
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goals, the system of wildlife management areas represents a feasible interpretation of the 
Rio ideal for a state in a situation like Texas. As the population of Texas increases, 
especially within and around urban areas and major population centers, wildlife 
management areas have the potential to offer opportunities for recreational activities and 
provide economic incentives to local communities to protect the land in a natural state in 
the face of development and more extractive forms of land-use. A stated goal of the 
Texas Parks and Wildlife Department is to serve the people of Texas through the 
provision of outdoor recreational opportunities. The Texas system of protected areas is 
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Appendix: SPSS Variables and Assigned Vales 
 
        











Number of  
Endangered 
Species 
Alabama Creek 383 4958697 10 3 5 8 4 
Alazon Bayou 264 4958697 10 2 3 5 3 
Anglina-Neches 405 4958697 10 2 4 6 7 
Atkinson Island . 5811987 12 1 1 2 6 
Bannister 493 4958697 10 2 5 7 4 
Big Lake 
Bottom  
231 1787437 8 2 1 3 4 
Black Gap 1025 890536.0 3 3 5 8 15 
Caddo National 
Grasslands 
335 4958697 10 2 3 5 . 
Caddo Lake 5000 4958697 10 2 5 7 6 
Candy Cain 
Abshier 
600 5811987 12 0 1 1 6 
Cedar Creek    50 7306869 5 1 1 2 8 
Chapperal  3973 3112901 3 2 4 6 11 
Cooper  3727 7306869 5 2 3 5 5 
D.R. 
Wintermann   
50 5811987 12 0 0 0 5 
Elephant 
Mountain 
1300 890536.0 3 2 3 5 15 
Gene Howe 2020 952215.0 2 2 5 7 9 
Granger  1067 7306869 5 2 4 6 5 
Guadalupe 
Delta 
1500 5811987 12 2 3 5 20 




J.D. Murphree 6500 5811987 12 2 1 2 6 
James E. 
Daughtrey 
750 3112901 3 1 1 2 11 
Keechi Creek 504 1787437 8 1 0 1 7 
Kerr 1100 3152151 4 3 2 5 7 
Las Palomas  2000 3112901 3 1 2 3 47 
Lower Neches 875 5811987 12 2 2 4 3 
M.O. Neasloney 250 1787437 8 0 2 2 4 
Mad Island 1000 5811987 12 1 1 2 10 
Mason 
Mountain 
221 3152151 4 1 0 1 6 
Matador  2683 952215.0 2 3 4 7 4 
Matagorda 
Island  
. 5811987 12 2 4 6 11 
 
Moore 
















Bend   
203 4958697 10 2 4 6 4 
Old Sabine 
Bottom   
2500 4958697 10 2 5 7 3 
Old Tunnel    11300 3152151 4 0 2 2 7 
Pat Mayse 2339 1787437 8 2 4 6 5 
Peach Point 2500 5811987 12 2 3 5 11 
Playa Lakes-
Dimmit Unit 
40 1082374 3 1 0 1 8 
Playa Lakes-
Armstrong Unit 




Playa Lakes 40 1082374 3 1 2 3 8 
Ray Roberts 921 7306869 5 2 2 4 14 
Red Head Pond 50 5811987 12 0 1 1 12 
Richland Creek 5860 1787437 8 2 5 7 7 
Sam Houston 
National Forest 
2505 4958697 10 3 5 8 9 
Sierra Diablo 50 890536.0 3 1 0 1 12 
Somerville 500 1787437 8 2 3 5 11 
Tawakoni 1200 7306869 5 2 4 6 7 
Tony 
Houseman 
800 5811987 12 2 3 5 3 
Walter Buck   20142 3152151 4 1 3 4 7 
Welder Flats . 5811987 12 1 1 2 . 
White Oak 
Creek 
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